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A B S T R A C T
Background: On July 12, 2012, heavy rains struck southwest Japan, particularly in the Mount Aso area.
Huge mud slides in the mountains destroyed houses, and heavy rains caused severe ﬂooding in the
inhabited areas. We investigated the incidence of cardiovascular events after the disaster.
Methods: We investigated patients who were admitted to the emergency department (ED) from July 12
to August 31 in 2012. We reviewed all patients with cardiovascular events, including acute myocardial
infarction (AMI), angina attack, worsening of congestive heart failure (CHF), cardiopulmonary arrest
(CPA), arrhythmias, tako-tsubo cardiomyopathy (TC), and symptomatic venous thromboembolism
(VTE).
Results: The total number of cardiovascular events was 28 (14 supraventricular arrhythmias, 3 angina
attacks, 1 AMI, 1 VTE, 4 CHF, 1 TC and 4 CPA). There was a signiﬁcant increase in cardiovascular events
during the follow-up period in 2012 in comparison with the average number of these events over the
same time period during the prior 2 years (16.8 vs. 5.1/month, p < 0.01). There was a sharp increase in
cardiovascular events in the ﬁrst week after the disaster. A second peak was observed 7 weeks after the
disaster. Two patients with angina attack were previously diagnosed as having vasospastic angina. The
incidence rate of AMI did not increase.
Conclusion: An increase in cardiovascular events was observed after severe rainfalls and mud slides.
Prevention of disaster-induced cardiovascular events should be a priority regardless of the magnitude of
the disaster.
 2014 Published by Elsevier Ltd on behalf of Japanese College of Cardiology.
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On July 12, 2012, heavy rains struck southwest Japan,
particularly in the Mount Aso area, where approximately 30,000
people inhabited. The heavy rain was described by the Japan
Meteorological Agency (JMA) as, ‘‘Such a heavy rain that has not
been experienced before this.’’ Heavy hourly rainfall exceeding
80 mm continued for four hours. Huge mud slides in the
mountains, so-called ‘‘mountain tsunamis,’’ destroyed houses,
and heavy rains caused severe ﬂooding in the inhabited areas.* Corresponding author at: Department of Cardiovascular Medicine, National
Health Insurance Aso Central Hospital, 1178 Kurokawa, Aso City 869-2225, Japan.
Tel.: +81 967 34 0311; fax: +81 967 34 2273.
E-mail address: ynagayos@kumamoto-u.ac.jp (Y. Nagayoshi).
http://dx.doi.org/10.1016/j.jjcc.2014.04.006
0914-5087/ 2014 Published by Elsevier Ltd on behalf of Japanese College of CardioloMore than 2000 people were forced to evacuate to temporary
accommodation for a month.
Several studies have reported an association of natural disasters
with cardiovascular events, such as acute myocardial infarction
(AMI), stroke, pulmonary embolism, tako-tsubo cardiomyopathy,
and heart failure [1–8]. Aoki et al. [9] reported that the incidences
of all types of cardiovascular diseases were increased in somewhat
different time courses after the Great East Japan Earthquake
Disaster. We investigated the incidence of cardiac events,
including arrhythmia, after a natural disaster in a rural area.
Methods
We analyzed the records of patients admitted to the emergency
department (ED) at Aso Central Hospital from July 12 to August 31,
2012. We compared the numbers of patients with cardiac eventsgy.
Fig. 1. Pictures of mud slides and ﬂooding. Severe rain caused mud and rock slides, which destroyed houses. The scars left by these huge mud slides were seen on the slopes of
the mountain. Aso city was inundated with ﬂood water.
Fig. 2. Total number of patients admitted to the emergency department (ED) after
the disaster. The total number of patients admitted to the ED in 2012 was about
1.5-fold higher than that in the prior 2 years. The number of patients peaked on the
ﬁrst weekend after the disaster. An initial increase in patients admitted to the ED
was observed on the day the disaster occurred. Subsequent spikes indicated
increases in patients admitted to the ED on the weekend.
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disaster (July 12–August 31, 2012). We also reviewed all records of
patients admitted to the ED during the same period in the previous
2 years (July 12–August 31 in 2010 and 2011) as a control. To
investigate patients transferred to other hospitals, we examined all
ambulance transport records in the Aso area during the study
period.
Deﬁnition of the diseases
We reviewed the records of all patients with cardiovascular
events, including AMI, angina attack, worsening of congestive
heart failure, cardiopulmonary arrest (CPA), arrhythmias, tako-
tsubo cardiomyopathy, and symptomatic venous thromboembo-
lism. The diagnoses were made by attending doctors in the ED. All
records and deﬁnitive diagnoses were conﬁrmed by a cardiologist.
The deﬁnitive diagnoses were based on physical examination,
laboratory ﬁndings, electrocardiogram, echocardiography, chest X-
ray, and computed tomography. Patients with tentative diagnoses
were excluded. The diagnosis of AMI required the presence of the
following: (1) history of chest discomfort lasting >30 min; (2)
typical electrocardiogram changes (i.e. ST segment elevation
>0.1 mV in at least one standard or two precordial leads, ST
segment depression >0.1 mV in at least two leads); and (3) an
increase in creatine kinase and/or cardiac troponin T levels to more
than twice the upper limit of normal. Angina attack was deﬁned as
chest discomfort relieved by nitroglycerine in patients previously
diagnosed as having organic or vasospastic angina. The diagnosis of
vasospastic angina was made based on the Guidelines for
Diagnosis and Treatment of Patients with Vasospastic Angina of
the Japanese Circulation Society [10]. A drug-induced spasm
provocation test was performed in patients who were suspected to
have coronary artery vasospasm. Worsening of heart failure was
deﬁned as worsening acute heart failure signs and symptoms
requiring additional therapy. The diagnostic criteria for tako-tsubo
cardiomyopathy were according to the diagnostic criteria pro-
posed by Mayo Clinic [11]. CPA was deﬁned as the need for
cardiopulmonary resuscitation performance regardless of the
causes.Statistical analysis
All data are expressed as the mean  standard deviation (SD). For
the statistical analysis, the number of patients after the disaster was
compared with the average of the previous 2 years under a Poisson
distribution, with the mean value taken as the mean number for the
previous 2 years. The number of patients before the disaster (from
June 1 to July 11, 2012) to after the disaster (July 12 to August 31,
2012) was compared as well. Values of p < 0.05 were considered to be
statistically signiﬁcant.
Results
The ﬂoods and mud slides caused extensive damage, including
23 deaths and 1498 destroyed houses, as of September 14, 2012
(Fig. 1). The total number of patients admitted to the ED (our
hospital or other advanced medical centers) during the period from
July 12 to August 31 in 2010, 2011, and 2012 was 583 (472/111),
Fig. 3. Number of patients with cardiovascular events from July 12 to August 31
in 2012 (A) and in 2010 and 2011 (B). (A) Cardiovascular events increased in the
ﬁrst week after the disaster and increased again 7 weeks after the disaster. (B) The
average number of patients with cardiovascular events during the corresponding
period in 2010 and 2011. AF, atrial ﬁbrillation; AMI, acute myocardial infarction; CHF,
congestive heart failure; CPA,cardiopulmonary arrest;TC, tako-tsubo cardiomyopathy;
VTE, venous thromboembolism; PSVT, paroxysmal supraventricular tachycardia.
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ages of patients were 49.6  27.4 years in 2010, 47.9  28.2 in 2011,
and 50.4  27.9 in 2012. Fig. 3 shows the number of cardiovascular
events during the study period. The incidence of cardiovascular
events signiﬁcantly increased after the occurrence of the disaster
(4.5/month before vs. 16.8/month after, p < 0.01). The ﬁrst peak in
cardiovascular events was observed in the ﬁrst week after the
disaster, and the second peak occurred 7 weeks after the disaster. The
total incidence of cardiovascular events during the follow-up period
was signiﬁcantly higher compared with the average of the previous
2 years (16.8/month in 2012 vs. 5.1/month in the previous 2 years,
p < 0.01).Table 1
Patient characteristics.
2012 
N 23 
Age 70  10 
Sex (male/female) 18/5 
Cardiac events
Atrial ﬁbrillation 8 (paroxysmal 6/pe
Paroxysmal supraventricular tachycardia 1 
Acute myocardial infarction 1 
Angina attack 3 (organic angina 1
Symptomatic venous thromboembolism 1 
Tako-tsubo cardiomyopathy 1 
Congestive heart failure 4 
Cardiopulmonary arrest 4 
First cardiac event or no symptoms in the past year 13 
Disease onset in the refuges 10 
Repeated admission to emergency department during
the observation period
5 (atrial ﬁbrillation The clinical diagnoses of cardiac events are shown in Table 1. Six
patients were transferred to other advanced medical centers
outside the Aso area. In 13 patients, these events were ﬁrst attacks
or had occurred more than 1 year after a prior event. CPA included
two cases of asystole, one case of pulseless electrical activity, and
one case of ventricular ﬁbrillation.
There was a dramatic increase in supraventricular arrhythmias
in the ﬁrst week following the disaster, including atrial ﬁbrillation
and paroxysmal supraventricular tachycardia. Five patients
repeatedly visited the ED for arrhythmic events during the study
period. Two patients with angina attacks were previously
diagnosed as having vasospastic angina. One patient with coronary
organic stenosis was classiﬁed as Braunwald class Ib. The incidence
of AMI was not different between 2012 and the previous 2 years.
Only one case of AMI and tako-tsubo cardiomyopathy occurred
during the observation period.
Disaster inﬂuence was suggested by patient history in the seven
patients admitted to our hospital. Two patients with ischemic
heart disease (one AMI and one angina attack) developed the
disease during the disaster reconstruction work. The patient with
AMI had lost his medications, including aspirin. Five patients
complained of anxiety and sleep disorder.
Discussion
To the best of our knowledge, this is the ﬁrst study to
demonstrate the clinical impact of heavy rains and ﬂooding on the
occurrence of cardiovascular events. There was a marked increase
in cardiovascular events, especially supraventricular arrhythmias,
during the study period. In contrast, the incidence of AMI did not
increase after the disaster.
Recently, there have been many reports about the association
between cardiovascular events and natural disasters. The frequency
of cardiovascular events is positively correlated with the magnitude
of the disaster [12]. Unlike after severe earthquakes, we did not
observe an increase in the occurrence of AMI [13–15]. One of the
reasons was that the disaster-stricken area and population were
small, compared with an earthquake. Jiao et al. [16] previously
reported the effect of Hurricane Katrina on the incidence of AMI. Lack
of medical insurance and medication noncompliance were impor-
tant factors in the increased incidence of AMI. In Japan, people can
receive medical treatment at any time under the Japanese public
universal health insurance system. Several disaster relief medical
teams were immediately dispatched to the refugees after the
disaster. Moreover, local doctors provided refugee care periodically.
Thus, all of these factors may have reduced the incidence of AMI.2011 2010
8 9
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during the study period. Tako-tsubo cardiomyopathy is triggered
by physical and/or strong emotional stress [17]. In contrast, the
disaster of the rainfalls occurred gradually. Thus, the magnitude of
emotional stress may have been smaller.
Disaster stress can cause psychological stress, which disrupts
circadian rhythms through sleep disorders and leads to physical
inactivity during the day. The sympathetic nervous system is
activated by the disruption of circadian rhythms [18]. Psychologi-
cal stress might cause arrhythmias through sympathetic nervous
system activation. It is important to note that the occurrence of
supraventricular arrhythmias increased 7 weeks after the disaster.
In Japan, the end of the rainy season marks the beginning of the
summer season. Dehydration is an important problem in the
summer. Moreover, evacuees were forced to live in temporary
housing, public halls, and gymnasiums without air conditioning.
Recovery efforts under the blazing sun accelerated dehydration.
These environmental conditions might contribute to the incidence
of cardiovascular events.
In the present study, some patients were admitted to the ED for
vasospastic angina attacks. Vasospastic angina plays an important
role in the pathogenesis of acute coronary syndrome in Japanese
patients [10]. The rho-kinase activity of patients with vasospastic
angina was transiently enhanced in association with disaster-
related mental stress [19]. Our results support the view that careful
management is necessary for patients with vasospastic angina
after a natural disaster.
According to the JMA, the frequency of heavy hourly rainfall
exceeding 50–80 mm has been increasing [20]. These results
suggest the fear of increasing occurrences of natural disasters,
including severe ﬂooding, every year. An assessment and preven-
tion score for disaster-associated cardiovascular events (disaster
cardiovascular prevention score) has been established [18].
Prevention of cardiovascular events should be a priority after
natural disasters, including severe rainfalls.
Study limitations
There were several limitations in this study. First, the patients
included in this study did not represent all of the cases of
cardiovascular events in this area. No emergency hospitals,
except for Aso Central Hospital, were functioning because of the
severe ﬂooding during those days. Most patients were admitted
to Aso Central Hospital; however, it is possible that some
patients were admitted to other hospitals in other areas. Thus the
present research may not show a perfect epidemiologic survey
for the whole Aso area. This is one of the possible limitations.
Second, we did not evaluate the degree of emotional stress of
each patient objectively. Third, the association between disaster
hypertension and cardiovascular events was uncertain in our
study.
Conclusion
An increased incidence of cardiovascular events was observed
after severe rainfalls and mountain tsunamis. Most of the events
were supraventricular arrhythmias. Prevention of disaster-
induced cardiovascular events should be a priority regardless of
the magnitude of the disaster.Acknowledgments
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